grade (AR)) were purified by distillation under vacuum. Methanol (Tianjin Jiangtian Chemicals, AR) was distilled prior to use.
Tetrahydrofuran (THF, Tianjin Jiangtian Chemicals, 99%) was refluxed over sodium and then distilled. Acetonitrile (Tianjin Concord Chemicals, China, AR) was refluxed over calcium hydride (CaH 2 ) and then distilled. N-Isopropylacrylamide (NIPAAm, Acros, 99%) was recrystallized from hexane prior to use. Azobisisobutyronitrile (AIBN, Chemical Plant of Nankai University, AR) was recrystallized from ethanol before being used. Cumyl dithiobenzoate (CDB) was prepared according to a literature procedure [17] . 4-((4-Methacryloyloxy)phenylazo) benzoic acid (MPABA) was prepared following our previously reported procedure (Scheme S1) [18] . (±)-Propranolol hydrochloride (Alfa Aesar, 99%) was converted into its free base form (Scheme S2) before use following a previously reported procedure [19] . Atenolol (National Institute for the Control of Pharmaceutical and Biological Products, China, Chemical reference substance, Scheme S2) was dried at 105°C for 3 h before use. All the other reagents were commercially available and used as received.
Preparation of Narrowly Dispersed ''Living'' Core
Polymer Microspheres with Surface-Immobilized Dithioester Groups. beads [12, 13] . Moreover, the binding sites inside MIP particles of relatively large sizes are inaccessible, thereby significantly lowering the template loading capacities of the MIP particles.
Therefore, the development of photoresponsive azo-containing spherical MIP particles having water-compatible template binding properties and micrometer dimensions remains an
important goal. In addition, although some reports exist on stimuli-responsive MIPs towards two different stimuli including temperature, pH values, or salt concentrations [14, 15] , the synthesis of photoresponsive MIPs that can respond to other external stimuli remains a challenging task; such advanced
MIPs are highly desirable in many applications [16] .
In this paper, we describe a facile, general, and highly efficient approach to obtain narrowly dispersed azo-containing MIP microspheres with both photo-and thermo-responsive binding properties in pure aqueous media. Narrowly dispersed pump-thaw cycles, the flask was sealed and then immersed in a thermostatted oil bath at 70°C and stirred for 24 h. The resulting polymer products were collected by centrifugation and thoroughly washed with methanol until no white sediment was detectable when ether was added into the washing solutions.
Experimental

Materials
The products were then dried at 30°C under vacuum to constant weights, affording orange-yellow grafted CS-MIP and CS-CP microspheres with a weight increase of 11% in comparison to the corresponding ungrafted materials.
The addition of CDB into the above polymerization systems also led to the generation of free PNIPAAm in the reaction solutions [20] , which were isolated by precipitating the supernatant solutions (after the centrifugation of the reaction mixtures) into pentane, filtering, and then drying at 30°C under vacuum for 48 h, affording light pink polymer products.
Characterization
Fourier transform infrared (FT-IR) spectra of the "living" core polymer microspheres, ungrafted, and grafted CS-MIP/CS-CP microspheres were recorded with a Nicolet Magna-560 FT-IR spectrometer.
The morphologies, particle sizes, and size distributions of the "living" core polymer microspheres, ungrafted, and grafted CS-MIP/CS-CP microspheres were characterized with a scanning electron microscope (SEM, Shimadzu SS-550). All SEM size data reflect the averages of ~200 particles (they represent all the particles in one representative area in the SEM image), which are calculated using the following formulas [21] :
where D n is the number-average diameter, D w denotes the weight-average diameter, k represents the total number of the measured particles, D i is the diameter of the measured microspheres, n i is the number of the microspheres with a diameter D i , and U the size distribution index.
The molecular weights and polydispersity indices (PDIs) of the free polymers generated in the polymerization solutions during the surface-initiated RAFT polymerization of NIPAAm (due to the addition of sacrificial RAFT agent) were determined using a gel permeation chromatograph (GPC) equipped with an Agilent 1200 series manual injector, an Agilent 1200 high-performance liquid chromatography (HPLC) pump, an Agilent 1200 refractive index detector, and three Waters UltraStyragel columns with 5K-600K, 500-30K, and 100-10K molecular ranges (the temperature of the column oven was 35°C). THF was used as the eluent at a flow rate of 1 mL/min, and the calibration curve was obtained using polystyrene (PS) standards.
The polymer films of the "living" core polymer microspheres and the ungrafted/grafted CS-MIP/CS-CP microspheres were prepared by casting their suspension solutions in acetonitrile (10 mg/mL, after ultrasonic dispersion) on clean glass surfaces.
After the solvent was allowed to evaporate at ambient temperature overnight, a KRÜSS FM40 Easy Drop contact angle polymer particles were collected by filtration and subsequently washed with methanol three times. After being dried at 40°C under vacuum for 48 h, a light pink powder was obtained (61%). It is worth mentioning that low levels of minute particles were generated in the above polymerization systems during the surface imprinting processes. These particles could be completely removed by low-speed centrifugation (1000 rpm) of the resulting polymerization solutions.
Preparation of Propranolol
Preparation of CS-MIP/CS-CP Microspheres
Grafted with PNIPAAm Brushes. In addition to the above photo-and thermo-responsive template binding experiments in pure aqueous solutions, those in the template solutions in "regular" water (which was taken from Xinkai Lake in Nankai University on May 30, 2012) were also performed to demonstrate the applicability of the grafted CS-MIP microspheres in common water.
All the above binding analyses were performed in duplicate and the mean values were used. has proven to be a useful parameter for evaluating the MIPs' selectivity because the difference in the intrinsic nonspecific bindings of the MIPs towards different analytes is normalized [22, 23] . IPB can be defined by the following equation:
Results and Discussion
Synthesis and Characterization of Narrowly Dispersed
where B MIP and B CP are the equilibrium bindings of the studied MIP and its corresponding CP towards an analyte, respectively.
The larger the IPB value of the MIP towards the analyte, the better the selectivity of the MIP.
Studies on the photoregulated release and uptake of the Table 1 ). In addition, initiated RAFT polymerization happened in a controlled manner.
. SEM images of the "living" core polymer microspheres (a), the ungrafted CS-MIP (b)/CS-CP (c) microspheres, and the grafted CS-MIP (d)/
CS-CP (e) microspheres. The scale bar is 2 μm in the above images.
It has been well established that surface-grafting of hydrophilic polymer brushes is a highly efficient approach to improve the surface hydrophilicity of materials. The surface hydrophilicity of the "living" core polymer microspheres, ungrafted, and grafted CS-MIP/CS-CP microspheres were investigated by conducting water contact angle experiments [21, 23, 26] . It can be seen clearly from Table 1 
Equilibrium Template Binding Properties of Ungrafted and Grafted CS-MIP/CS-CP Microspheres
With the ungrafted and grafted CS-MIP/CS-CP microspheres in hand, we studied their equilibrium template binding properties well demonstrated that the water-incompatibility of MIPs is mainly due to their hydrophobically driven nonspecific template bindings in aqueous media, which depends on the hydrophobicity of the template molecules and the exposed MIP surfaces [28] . As expected, the specific template bindings (i.e., the template binding difference between the MIP and its CP It is generally accepted that the molecular weights and polydispersities of the free polymers generated in surfaceinitiated RAFT polymerization systems (due to the addition of the sacrificial chain transfer agent) can be utilized to represent those of the grafted polymer brushes [20] . Therefore, the free polymers obtained in our study were characterized by GPC; the numberaverage molecular weights (M n,GPC ) of the polymer brushes grafted on the CS-MIP and CS-CP microspheres were found to be 26700 and 25400, respectively, and their polydispersity indices were 1.4 and 1.5, respectively ( Table 1 ). The rather similar molecular weights of the grafted polymer brushes on the CS-MIP and CS-CP microspheres indicated that the surface-
Figure 2. FT-IR spectra of the "living" core polymer microspheres (a), the ungrafted CS-MIP (b)/CS-CP (c) microspheres, and the grafted CS-MIP (d)/CS-CP (e) microspheres.
by their photoregulated release and uptake of propranolol in pure aqueous solutions. As can be seen clearly from Figure 5a derived. The data is summarized in Table 2 [22, 23] . It can be seen clearly that while both the ungrafted and grafted CS-MIP microspheres showed obvious specificity towards propranolol in acetonitrile solution, only the grafted CS-MIP exhibited obvious specificity towards propranolol in pure aqueous solution and no specificity towards propranolol was observed for the ungrafted CS-MIP under pure aqueous conditions.
Photo-and Thermo-Responsive Binding Properties of Grafted CS-MIP Microspheres in Aqueous Media
The water-compatible photoresponsive template binding properties of the grafted CS-MIP microspheres were confirmed 
Conclusions
We have demonstrated a facile, general, and highly efficient approach to obtain narrowly dispersed, water-compatible, and dual stimuli-responsive MIP microspheres by the successive grafting of an azo-containing MIP layer and thermo- Figure 6 . 
